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Abstract 
Aiming at the seeding date drought problem of wheat on the loess plateau region, this article studied the 
compounding of 3 chemical agents, i.e. CaCI2, gibberellins (GA) and composite rare earth at different concentrations 
and the difference of seed dressed wheat in its germination rate, germination vigor and seedling shape under indoor 
simulation water stress conditions. The composite rare earth with the compounding combination of 1.5% 
CaCI2+0.1% was selected. Using this combination in seed dressing can raise wheat seedling's germination rate and 
germination vigor while it helps the vigorous growth in the seedling stage.
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1. Introduction 
The loess plateau region has abundant light and heat resources; the main limiting factor for crop growth is 
water; the severe shortage of water may cause low and unstable crop yield; the impact is even more 
serious in the crop sowing season. It is common occurrence that drought has caused it impossible to sow 
seeds or delayed sowing or caused uneven seedling emergence after sowing, missing seedlings and 
broken ridge, slow growth, etc, which may cause immeasurable losses. For years, agricultural scientists 
made a great deal of related researches. Existing tests showed that the gibberellins (GA) of certain 
concentration can help the seeds to germinate and seedlings to grow [1-4]. There are also quite a few 
reports of research on calcium (Ca2+) can enhance crop stress resistance [5-9]. It is proved that rare earth 
can also play a part in stress resistance [10-13]. This articles attempts to explore the supplementary effect 
of the three substances gibberellins, calcium and rare earth in wheat germination, seedling emergence 
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drought resistance after soaking seeds with mixed treatment at different concentrations under water stress 
conditions. 
2. Materials and methods 
2.1 Material and methods 
The wheat variety for test is the water saving, drought resistant variety 951-20 cultivated by Shanxi Agricultural 
University; water stress adopts the indoor simulation method; each treatment is repeated 3 times. 
1) Seed disinfection treatment  
Put the clean seeds without breakage, consistent in size and plumpness in a beaker, inject HgCI2
(0.1%) and soak for 10 minutes and keep stirring with a glass rod, then rinse with distilled water for 
several times so that the seeds are free of HgCI2 residual liquid and air-dry for use. 
2) Stress solution preparation 
Use polyethylene glycol (PEG), add 180 g PEG to 1000ml water and work out a moderate water stress 
solution, equivalent to -7.3 Pa. Take 25ml and add it to 9 cm diameter Petri dish with a lid and before 
adding solution, put a unidiameter round filter paper at the bottom of the Petri dish. 
3) Seed dressing agent preparation      
Make up 1000 ml of gibberellins (GA) solution with the concentration at 50 ppm, 300 ml of 0.1% 
composite rare earth and 100 ml of 1.0%, 1.5%, and 2.0% CaCI2 solutions separately. The reagent 
compounding treatment is: 
① 1.0% CaCI2
② 1.5% CaCI2
③ 2.0% CaCI2
④ 0.1% composite rare earth 
⑤ 1.5% CaCI2+50 ppmGA 
⑥ 1.5% CaCI2+0.1% composite rare earth 
⑦ CK (dress seeds with clear water) 
4) Seed dressing treatment  
By 30 grains per Petri dish, repeat weighing 90 grains three times. Take 10% of the seed weight and 
make up the above 7 solutions for seed dressing treatment, put seeds under tight cover for 12 hours, air 
dry for use. Then put the treated seeds on the Petri dish with stress solution evenly, put the lid on (note 
that the upper lid thickness must be smaller than the bottom dish thickness to avoid the evaporation of 
water). Put them into a 25℃ incubator for culture. Observe and write down the seed germination 
condition from the 3rd day onwards. Lift the lid once a day to improve on the ventilation. 
3. Results and Analysis 
3.1 The germination vigor and germination rate of the seeds treated differently under the infiltration 
stress
Part of the seeds in the incubator germinates from the 3rd day onward. According to germination 
condition, calculate the germination rate (7 days' observed value) and germination vigor under different 
treatments, as shown in the Table I. 
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Table 1. Germination rate and germination vigor of the wheat seeds treated differently 
Treatment Germination Vigor (%) Germination Rate (%)
1.0% CaCI2 16.7 36.7 
1.5% CaCI2 20.0 41.1 
2.0% CaCI2 12.3 22.3 
0.1% composite rare earth. 21.1 43.4 
1.5% CaCI2+50 ppmGA 34.2 54.4 
1.5% CaCI2 + 0.1% composite rare earth 37.1 51.2 
CK 14.3 28.9 
Table I shows that the 3 concentrations under CaCI2 treatment have different influence on wheat seed 
germination rate and germination vigor. At the 2% concentration, the germination rate and germination 
vigor are lower than the check, which means the concentration is too high and salt damage occurred, not 
good for germination, suitable concentration shall be 1 to 1.5%. Treatment at 1.5% concentration has the 
best effect. Dressing seeds with different agents after compounded plays an active part in promoting the 
wheat seed germination rate and germination vigor under the water stress conditions. Of which, the 1.5% 
CaCI2+0.1% composite rare earth treatment has the highest germination vigor; the 1.5% CaCI2+50
ppmGA treatment comes next, 22.78% and 19.88% higher than the check separately. The germination 
rate was observed 7 days later, except the 2% CaCI2 treatment, all treatments are higher than the check. 
Of which, the 1.5% CaCI2+50 ppmGA treatment has the highest rate, up to 54.43%, the 1.5% 
CaCI2+0.1% composite rare earth treatment comes next, up to 51.2%, 25.53% and 22.3% higher than the 
comparison rate separately, The result of the variance analysis of germination rate data shows the 
discrepancy between treatments is apparent. So, when CaCI2 is used as a drought-resistant seed dressing 
agent, adding a certain concentration of gibberellins and composite rare earth has an obvious additive 
effect to its drought resistance. 
3.2 Biological effect of the seeds treated differently on the wheat seedlings under infiltration stress
After the seeds germinate, the way a crop is growing and the growth of seedlings are the key to the 
formation of yield. After treated with seed dressing agent, the fine growth of seedlings is also an 
important index for seed treatment. The result of investigation on the bud length, root length, fresh 
weight, root weight of seedlings and the coleoptiles length is shown in the Table Ⅱ.
Table 2. Biological characteristics of the wheat seedlings treated differently
Treatment But Length (cm)
Root Length 
(cm)
Fresh Weight 
(cm) 
Root Weight 
(cm) 
Coleoptiles Length 
(cm) 
1.0%CaCI2 5.04 4.00 2.02 0.20 3.21 
1.5% CaCI2 5.30 4.22 2.58 0.48 3.43 
2.0% CaCI2 4.96 3.69 1.95 0.20 3.31 
0.1% composite rare earth. 4.92 4.10 2.16 0.43 3.42 
1.5% CaCI2+50 ppmGA 5.99 4.23 3.57 0.80 3.70 
1.5% CaCI2 + 0.1% composite 
rare earth 6.08 4.60 2.79 0.53 3.76 
CK 4.92 3.12 1.62 0.36 3.29 
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The 5 indexes of bud length, root length, fresh weight, and root weight and coleoptiles length reflect 
the growth of seedlings. Table 2 shows that except that the root weight and coleoptiles length in the 2% 
CaCI2 treatment are lower than the check, the 5 indexes in all treatments are higher than the check. It 
means that seed dressing treatment can promote the growth of wheat seeds under water stress conditions 
rather than restrain its growth. The action of the 1.5% CaCI2+50 ppmGA treatment on fresh weight and 
root weight is most obvious, its fresh weight increased by 1.95g than the check, the root weight increased 
by 0.44 g while the 1.5% CaCI2+0.1% composite rare earth treatment can help an increase in bud length, 
root length and coleoptiles length, 1.16, 1.48 and 0.47 cm higher than the check separately. 
3.3 Analysis of the coleoptile's anti-dehydration ability after seeds are treated with different agents 
Plant tissue's dehydration rate has a bearing on the tissue cells' water retention ability, after treated 
with different agents, the coleoptile's anti-dehydration ability is closely related to the anti-drought ability 
of seedlings. 
Table 3. Result of the dehydration resistance test of the coleoptiles treated differently
Treatment 1 h (%) 12 h (%) 24 h (%) 
1.0% CaCI2 10.9 55.2 67.8 
1.5% CaCI2 10.7 54.7 66.7 
2.0% CaCI2 9.02 54.1 66.2 
0.1% composite rare earth. 10.9 56.4 67.3 
1.5% CaCI2+50 ppmGA 11.5 57.3 68.4 
1.5% CaCI2 + 0.1% composite rare earth 9.42 52.0 65.3 
CK 11.6 58.5 69.2 
From the Table Ⅲ we can see that the 3 periods of time showed the same trend, the water loss rates in 
the seed dressing treatment with agent are all lower than the check, which means its drought resistance 
was improved. Among different agent combinations, the 1.5% CaCI2+0.1% composite rare earth 
treatment has the highest water loss rate, which means that in the agent treatment, water retention ability 
declined although the growth of seedlings quickened. The drought resistance will decline if the rain 
cannot be replenished timely. 
After an overall analysis of the acting effect of different treatments in wheat seed dressing, the 1.5% 
CaCI2+0.1% composite rare earth treatment is an optimal compounding. Dressing seeds with this 
combination not only can enhance the germination rate and germination vigor of wheat seeds under the 
water shortage conditions but also can help the vigorous growth in the seedling stage. 
4. Conclusions and discussion 
According to the predecessors' study [1-13], Ca2+ can enhance cell membrane's stability and raise its 
cell vigor; gibberellins can promote the water sucking of seeds and quicken its germination obviously. 
Soaking seeds with gibberellins can help the plumule and coleoptiles to extend and enhance the 
conductivity of seedlings; soaking seeds with the composite rare earth can increase the content of proline 
in the plant body, stabilize plasma membrane and prevent cell from dehydration. Through an analysis of 
the wheat seeds' germination rate, germination vigor difference and seedling growth status of the three 
different combinations under the water stress conditions, this article found its additive effect in drought 
resistance and sowing and sorted out the 1.5% CaCI2+0.1% composite rare earth treatment as an optimal 
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compounding. Dressing seeds with this combination not only can enhance the germination rate and 
germination vigor of wheat seeds under the conditions of water shortage but also can help the vigorous 
growth in the seedling stage. The drought-resistant effect of the 1.5% CaCI2+50 ppmGA treatment is also 
not bad but the coleoptiles dehydrate more quickly. 
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